The effects of morphine on the electrocardiogram of dogs have long been intensively studied and changes of significance have been described,3 6 6 but apparently no comparable investigations have been made in man. This deficiency assumes practical importance when one considers how widely this common drug is administered for acute pain in the chest and upper abdomen, in asthmatic attacks of both cardiac and bronchial nature, and in paroxysmal dyspnea from various causes, for in all of these situations the question of underlying acute cardiac injury might arise and may call for the diagnostic aid of the electrocardiogram. A knowledge of the electrocardiographic effects of morphine is, therefore, most important. Moreover, a belief prevails that morphine may considerably alter and even invert the T wave in the electrocardiogram of man. Thus, in Pardee's monograph entitled Clinical Aspects of the Electrocardiogram10 it is maintained that "Morphine in large doses produces abnormal inversion of the T wave"; in Blumer's Therapeutics of Internal Diseases' appears the statement that "The T wave may occasionally be inverted as a result of large doses of morphine ..."; and a similar view has been expressed more recently in a new textbook on pharmacology.8 The clinical implication of such an effect becomes of importance when this narcotic has been administered for relief of pain to patients who shortly thereafter are subjected to electrocardiographic examination and in which the finding of an abnormal direction of the T wave may raise the question of acute coronary thrombosis.
References to actual studies upon which these opinions were founded could not be provided by the The four-hour duration of the observations following the morphine injection was considered adequate, for it covered the period of known maximal sedative and analgesic action of the drug. In every case there were definite clinical effects of morphine, such as somnolence, fall in respiratory rate, and miosis, followed in almost every instance by the familiar side actions including nausea, vertigo, and vomiting.
Each subject was placed in the reclining position for about half an hour before recording the initial control electrocardiogram, and this position was maintained throughout each experiment. Observations were made at about 30-minute intervals of each subject's pulse and respiratory rate, blood pressure, size of pupils, color of mucous membranes, mental alertness, and symptoms such as itching of the face, languor, vertigo, nausea, et cetera.
Electrocardiograms were recorded with a "Hindle" Electrocardiograph (Cambridge Instrument Company), the galvanometer string of which was standardized to shift 1 cm. upon the introduction of 1 mv. into the circuit.* Tracings were obtained by means of the three conventional limb leads as well as a precordial lead; in the experiments on the normal subjects the precordial lead was that officially designated as IV-R, while among the cardiac patients lead IV-F was taken."3 In the measurement of electrocardiographic features, lead II was considered representative for the P wave, P-R interval, Q-T duration, and QRS complex. The S-T segment levels and T waves, however, were measured in every lead and in all the electrocardiograms of each series.
All values for every feature were obtained by averaging the measurements of three successive complexes.
* A "Cardiette" (Sanborn Company), similarly standardized, was employed in one experiment (subject I. D.).
Results
I. Electrocardiographic effects of morphine in normal subjects.
Except for a fall in heart rate, which was progressive in all but two experiments during the three hours following the morphine administration, no consistent electrocardiographic effects of significance were noted. In one subject frequent ectopic beats of supraventricular origin appeared in the tracings taken 45, 90, and 150 minutes after morphine (nausea was present at the time of the last record only), and in another subject the auricular pacemaker was displaced 90 minutes after the injection of the drug, as indicated by a change in contour and direction of the P wave in leads II and III and shortening of the P-R duration to 0.12 seconds (Fig. 1) . The latter record was unique also in that the RS-T segment level in lead II was 1 mm. above the isoelectric line, as compared with 0.5 mm. in all the other tracings obtained on this subject. Such minor changes as were observed in the QRS complexes were not regarded as significant for they occurred also in the control tracings. In no instance did the T waves suffer disappearance or reversal in direction following morphine injection.
The electrocardiographic changes and clinical accompaniments are summarized in Table 1. II. Electrocardiographic effects of morphine in subjects with coronary artery disease. Because the effects of drugs are known sometimes to differ significantly in the normal and in the diseased subject, it was considered essential to supplement the foregoing experiments with similar observations in cases of heart disease. Accordingly, ten patients with angina pectoris but possessing electrocardiograms with normally directed T waves* were selected for study. The administration of morphine and the conduct of the experiments followed precisely the plan already outlined in the observations on normal subjects. None of the patients had received any sedative or vasodilator drug for at least several hours before the experiments were begun. Again, the most common effect was a moderate decline in heart rate. In one subject (M. R.) the P-R interval diminished by 0.04 * The T-wave direction was downward in the control chest lead onlv of subject W. R. second in the tracing taken 90 minutes after morphine, but the A-V conduction was still normal at 0.12 second. The amplitudes of P and of QRS were not significantly altered. A transient 0.1 mv. elevation in the level of the S-T segment occurred in the chest lead of one experiment only (subject J. B. in record obtained 45 minutes after morphine injection). The effect of morphine on the total duration of systole (Q-T) was investigated by making the proper correction for rate (R-R) and expressing the result in terms of "K" in accordance with the practice established by Cheer Fig. 2 . In another experiment (subject W. P.), on the other hand, T in lead IV-F increased from 0.8 mv. to 1.1 mv. in amplitude in the 90 and 150-minute tracings. It is possible that alterations in the placement of the chest electrode in relation to the left border of the heart may account for these changes. In still another experiment (subject W. 0.) there did occur progressive diminution in size of T1 and T2 from a control amplitude of 0.4 mv. to a post-morphine amplitude of 0.25 mv.; and in the same experiment T4 diminished from 0.8 mv. to 0.6 mv. (Fig. 3) . Although the changes obtained in the last experiment are relatively large, we are not convinced that they are significant, for current investigations dealing with normal variations of the electrocardiogram7 suggest that alterations of this range are common in normal subjects.
Some of the electrocardiographic changes and clinical accompaniments for this group are summarized in Table 2 . Discussion The bradycardia so commonly observed after morphine in animals was noted also in most of our experiments on man, but the diminution in heart rate was usually relatively slight and might well have been due primarily to the prolonged rest maintained by the subjects during the experiments. The general tendency of the On the other hand, the occurrence of premature beats together with bradycardia in one of the normal subjects (an individual who had manifested no ectopic beats on many other clinical examinations and in repeated control electrocardiograms), and the displacement of the pacemaker in another experiment, are probably morphine effects similar to those frequently observed in animals and generally attributed to vagal stimulation by morphine.8' 4, 6, 9, 12 The incidence of such effects appears, however, to be small. No disturbance in conduction was encountered in this series of 20 experiments. The few relatively slight and inconsistent changes that were observed in the RS-T segments and the T waves are probably insignificant; at any rate, experiments in progress in this laboratory indicate that the range of physiological variation encountered in extended series of electrocardiograms in normal individuals is much larger than usually believed and is equal in magnitude to the greatest changes we encountered following morphine.
Summary and conclusions
The effects of large doses of morphine on the electrocardiogram of man were investigated in ten normal subj ects and in ten patients with coronary artery disease.
Displacement of the pacemaker and the development of premature beats were each encountered once in these experiments and may be regarded as probable effects of morphine.
Contrary to the experience of others with animals, no striking bradycardia was generally observed in these experiments on man.
There was no definite evidence that morphine would significantly alter either the initial or final portion of the ventricular complex, and it is unlikely that administration of the drug would cause confusion in the electrocardiographic diagnosis of acute myocardial injury in man. experiments.
